Abstract Mycoplasmas are the most important contaminants of cell cultures throughout the world. They are considered as a major problem in biological studies and biopharmaceutical economic issues. In this study, our aim was to find the best standard technique as a rapid method with high sensitivity, specificity and accuracy for the detection of mycoplasma contamination in the cell lines of the National Cell Bank of Iran. Thirty cell lines suspected to mycoplasma contamination were evaluated by five different techniques including microbial culture, indirect DNA DAPI staining, enzymatic mycoalert Ò assay, conventional PCR and real-time PCR. Five mycoplasma-contaminated cell lines were assigned as positive controls and five mycoplasma-free cell lines as negative controls. The enzymatic method was performed using the mycoalert Ò mycoplasma detection kit. Real-time PCR technique was conducted by PromoKine diagnostic kits. In the conventional PCR method, mycoplasma genus-specific primers were designed to analyze the sequences based on a fixed and common region on 16S ribosomal RNA with PCR product size of 425 bp. Mycoplasma contamination was observed in 60, 56.66, 53.33, 46.66 and 33.33 % of 30 different cell cultures by real-time PCR, PCR, enzymatic mycoalert Ò , indirect DNA DAPI staining and microbial culture methods, respectively. The analysis of the results of the different methods showed that the realtime PCR assay was superior the other methods with the sensitivity, specificity, accuracy, predictive value of positive and negative results of 100 %. These values were 94.44, 100, 96.77, 100 and 92.85 % for the conventional PCR method, respectively. Therefore, this study showed that real-time PCR and PCR assays based on the common sequences in the 16S ribosomal RNA are reliable methods with high sensitivity, specificity and accuracy for detection of mycoplasma contamination in cell cultures and other biological products.
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Introduction
Since the first report of the presence of mycoplasma in cell cultures (mid-1950s) , an integration of reported data including new species of mycoplasmas, their living situations, properties and reactions with cells in cell cultures have been investigated (Robinson et al. 1956 ). Mycoplasmas are of the most important contaminants of cell cultures worldwide. This contamination significantly affects the quality of biological products, biopharmaceutical and biotechnological studies (Armstrong et al. 2010; Baronti et al. 2013; Uphoff and Drexler 2014) . Mycoplasmas are the smallest living organisms with a diameter of about 300-800 nm. They are assumed to be evolved through genomic reduction and reversible evolution from Lactobacillus, Streptococcus and Clostridium Rottem et al. 2012) . Mostly, mycoplasma genome is circular double-stranded DNA although some species with linear doublestranded DNA genome have been described. Phylogeny studies using 16S ribosomal RNA sequences analysis have shown that mycoplasmas are mainly related to Clostridium innocuum and Clostridium ramosum (Razin et al. 1998; Dandekar et al. 2002) . More than 200 Mollicutes species classified in eight genera have been described. Most of them show saprophytic or commensal behavior in human, plants, animals, insects, etc. The presence of mycoplasmas in cell cultures, with or without discernable changes in color and turbidity of culture medium, influences cell growth, morphology, biochemical and immunological characteristics, genetic, metabolic and cellular physiology (Razin and Herrmann 2002) . The lack of cell wall makes them more resistant to the common antibiotics such as penicillin and streptomycin. Mycoplasmas infect the cell cultures so easily and may not be visible and detectable by ordinary optical microscopic tools. Their flexibility, small-scale and polymorphism allows mycoplasmas to easily cross through anti-bacterial filters with a diameter of 0.45-0.22 lm (Folmsbee et al. 2010; Waites et al. 2013) . Studies indicate that up to 87 % of cell lines in different cell banks are infected with mycoplasmas. From more than 200 species of known mollicutes, 20 of them have been isolated from infected cell cultures. It has been shown that at least eight species of mycoplasmas including M. arginini, M. fermentans, M. orale, M. hyorhinis, M. hominis, M. salivarium, M. pirum and Acholeplasma laidlawii are responsible for more than 95 % of cell lines contaminations (Nikfarjam and Farzaneh 2012; Barile and Rottem 1993) . According to the published reports, mycoplasma contamination of cell cultures is commonly caused by only one strain. The infection with only one species ranges from 15 to 35 % worldwide, although, high infecting rates of 65-80 % have been reported. In general, between 7 and 62 % of cell cultures are contaminated with two or more mycoplasma species. Nevertheless, variations in the prevalence of mycoplasma contamination in cell cultures are observed in different parts of the world. Animal mycoplasma species such as M. arginini, M. hyorhinis and Acholeplasma laidlawii are the most important contaminating species in cell cultures. Using animal sera is the main source for such infection. Moreover, improper operation of laboratory staff such as pipetting through the mouth is the most important cause of contamination with human mycoplasma species including M. orale, M. fermentans, M. pirum, M. salivarium and M. hominis that comprise more than half of mycoplasma infections in cell cultures. It has been shown that M.orale is the most important contaminant species from human source which infects 20 to 40 % of cell cultures. Furthermore, infection percentage of M. hyorhinis from 10 to 40 %, M. arginini from 20 to 30 %, M. fermentans from 10 to 20 %, M. hominis from 10 to 20 % and A. laidlawii from 5 to 20 % have been announced by different researchers (Lincoln and Gabridge 1998; Drexler et al. 2002; Nikfarjam and Farzaneh 2012) . Various techniques have been developed for the detection and identification of mycoplasma contaminations in cell cultures. These techniques include direct microbial culture and indirect (nonculture based) methods. The reliability, sensitivity, specificity, accuracy and cost-effectiveness are considered as determinant factors for the selection of the technique of choice. In this study, direct microbial culture (as a gold standard), enzymatic mycoalert Ò mycoplasma detection kit, indirect DNA DAPI staining, real-time PCR and PCR methods were utilized for the detection of mycoplasma contamination in the cell collections of the National Cell Bank of Iran. The sensitivity, specificity, accuracy, and predictive value of positive and negative results of these methods were compared in order to find the best method Razin 1994; Harasawa et al. 2005; Volokhov et al. 2011; Uphoff and Drexler 2014) .
Materials and methods

Cell cultures
Thirty different animal and human cell lines available in National Cell Bank of Iran were randomly selected and evaluated for mycoplasma contamination by microbial culture (as a gold standard), indirect DNA fluorochrome staining (DAPI, Roche, Cat No: 10236276001, Mannheim, Germany) , enzymatic (mycoalert Ò , Lonza, Cat No: LT07-318, Switzerland), real-time PCR (PCR Mycoplasma Test Kit I/RT; Variant B, PromoKine, Cat No: PK-CA91-3025B, Germany) and conventional PCR methods. Ten different cell lines were examined and confirmed as positive (n = 5) and negative (n = 5) controls (Table 1) . These cell lines were incubated at 37°C in 88 % humidified and 5 % CO 2 atmosphere. The culture medium for each cell line was prepared according to the recommended instructions and supplemented by 10-20 % fetal bovine serum (Sigma, Deisenhofen, Germany) and growth factors as described previously (Molla Kazemiha et al. 2011 Kazemiha et al. , 2014 . In order to detect the mycoplasma contamination after harvesting, each cell line was cultured in an antibiotics-free medium for a week (at least 4-5 days) without exchanging the medium (Phelan 2006 (Phelan , 2007 (Barile and McGarrity 1983; Rottem et al. 2012 ).
Detection of mycoplasma contamination by indirect DNA DAPI staining Fluorescence DNA staining with DAPI (4 0 ,6-diamidine-2 0 -phenyl indole dihydro chloride, Roche, Cat No: 10236276001, Mannheim, Germany) was performed based on the rapid uptake of the dye by cells and also by binding selectively to minor grooves of cell and mycoplasmal DNA. Therefore, DNA-DAPI complex allows efficient staining with very high specificity for the nuclei detection. The maximum absorption and emission of DAPI is reported at wavelengths of 340 and 488 nm, respectively. Mycoplasma bodies can be seen as polymorphic particles with bright blue fluorescence on a dark background cytoplasm. The DAPI staining protocols and work process for adherent cells are slightly different with floating cells. The fluorescent DAPI dye (Roche) was dissolved in water to make a 1 mg/ml stock. The working solution was freshly prepared by diluting the DAPI stock into 1 lg/ml with methanol. Adherent cells suspected to mycoplasma contamination with 70-90 % confluency in their monolayer culture were harvested with a cell scraper. The number of 5 9 10 4 -1 9 10 5 cells/ml were seeded on cover slip slides (Thermo Scientific, USA) and incubated at 37°C for several hours. The cells were rinsed by DAPImethanol working solution after having discarded their supernatant and were incubated at 37°C for 15 min. The cells were subsequently washed with pure methanol. Afterwards, adherent cells were placed on a 29 NCBI C606 NB2-11 RAT lymphoma Fischer's medium ? 10 % FBS ? 10 % Horse serum (gelding) ? 0.075 % Na bicarbonate ? 0.05 mM 2-mercaptoethanol (2ME) ? 2 mM glutamine microscope slide and mounted with buffered glycerol or phosphate buffered saline (PBS) followed by observation of mycoplasma bodies using a drop of immersion oil on it. Conversely, there is no need to use cover slip and scraper for DAPI staining protocols of floating cells (Schaper and Converse 1985; Andrade and Arismendi 2013) . Due to the limitations related to the direct analysis of cell lines by DAPI staining, mycoplasma-free Vero cell line (NCBI C101) was employed as an indicator as well as negative control. Supernatant of cell cultures suspected to have mycoplasma contamination was added to a mycoplasmafree Vero cell line in order to increase the sensitivity and specificity of the assay.
Mycoalert Ò mycoplasma detection kit for mycoplasma contamination in cell lines
The enzymatic mycoalert Ò (Lonza, Cat No: LT07-318, Switzerland) as a biochemical test (bioluminescent reaction) indicates the amount of mycoplasma enzymes activities. A rapid screening method has been provided by these enzymes for sensitive detection of mycoplasma contamination in cell cultures (Pitt et al. 2012) . In the present study, mycoplasma detection was conducted by measuring the acetate kinase or carbamate kinase activity as described previously (Mariotti et al. 2008; Cheong et al. 2011; Molla Kazemiha et al. 2014) . Mycoplasma detection using conventional PCR method Extraction of DNA from suspicious samples was performed for PCR with specific universal primers. The cells (1 9 10 5 ) were harvested at the final logarithmic growth phase. Centrifugation at 12,000g for 1 min and subsequently re-suspension of the cells in STE buffer (NaCl 10 mM, Tris-HCl 20 mM and EDTA 1 mM, pH 8.0) was conducted (Tang et al. 2000) . Afterwards, the cell suspension was incubated with Sodium Dodecyl Sulfate (SDS, 1 % w/v) and proteinase K (40 lg/ml, Promega, Madison, WI, USA) for 2 h at 37°C. The same volume of phenol-chloroform-isoamyl alcohol (1:24:25) solution was added to an equal volume of the suspended cells to precipitate the proteins. Sodium acetate (3 M, pH 5.2) and ethanol (96 %) with 1:25 ratio was added to precipitate the total nucleic acid. The cell pellet was rinsed with 70 % ethanol and dried for 30 min at 25°C. Finally, the suspension of precipitated DNA was made in RNA-DNA free sterile deionized water and maintained at -20°C (Molla Kazemiha et al. 2011 Kazemiha et al. , 2014 ).
Positive and negative controls for PCR technique
The DNA of different bacterial and mollicutes strains were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA) and the National Collection of Type Cultures (NCTC, Salisbury, UK). Mycoplasma genitalium (NCTC 10195), Mycoplasma salivarium (NCTC 10113), Ureaplasma urealiticum (NCTC 10177T), Mycoplasma pneumonia (NCTC 10119), Acholeplasma laidlawii (ATCC 23206), Mycoplasma fermentans (ATCC 19989), Mycoplasma hyorhinis (ATCC 17981), Mycoplasma hominis (ATCC 23114), Mycoplasma orale (ATCC 23714), Mycoplasma arginini (ATCC 23828) and Mycoplasma pirum (NCTC 11702) were utilized as positive controls for genus specific PCR. In addition, genomic DNA from gram positive and negative bacteria like Staphylococcus saprophyticus (ATCC 15305), Proteus vulgaris (ATCC 29905), Bacillus cereus (ATCC 14579) and Klebsiella oxytoca (ATCC 8724) were considered as negative controls to confirm the non-cross reactivity of mycoplasma universal primers.
Oligonucleotides and specific PCR for mycoplasma detection in cell lines
In addition to 11 species-specific primer pairs, a universal primer pair was designed based on 16S rRNA mollicutes to detect the mycoplasma contamination of cell lines with PCR method which is indicated in Table 2 (Molla Kazemiha et al. 2009 Kazemiha et al. , 2011 Kazemiha et al. , 2014 . Master mix of PCR was prepared by 2.5 ll PCR 10 9 Buffer, 1 ll Taq DNA polymerase enzyme (1 U), 1 ll dNTPs (50 lM), 1 ll magnesium chloride (1.5 mmol), 3 ll forward and reverse primers (15 pmol), 12.5 ll distilled water and 1 ll mycoplasma genomic DNA (0.1 lg/ll) or cell DNA (1 lg/ll). The temperature of the mixture was elevated to 94°C and kept for 3 min. Afterwards, 32 cycles of amplification including 94°C for 60 s, 60°C for 30 s, 72°C for 1 min were applied to the mixture. The temperatures for species-specific and universal primers were set at 60 and 55°C, respectively. The PCR products were separated by agarose gel (1 % w/v) electrophoresis and visualized on a UV transilluminator.
Real-time PCR for the detection of mycoplasma contamination in cell lines
The real-time PCR master mix was prepared by adding internal amplification (inhibition) control, hot start Taq DNA polymerase, primers, and probes (PCR Mycoplasma Test Kit I/RT; Variant B, PromoKine, Cat No: PK-CA91-3025B, Heidelberg, Germany). This kit can detect as low as 15 fg of mycoplasma DNA which corresponds to approximately 10-15 mycoplasmas per sample volume. According to the manufacturer's instruction, PCR reactions at the total volume of 26.0 ll consisted of 8.0 ll DNA-free water, 14.0 ll of primers and probes, 1.0 ll inhibition control DNA, 1.0 ll DNA polymerase, and 2.0 ll sample (as a template DNA). Thermal cycle setting for StepOne Plus TM real-time PCR System was as follows: initial polymerase activation at 95°C for 2 min and 45 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s and extension at 60°C for 45 s. Mycoplasma contaminations were analyzed by the assessment of the increase in fluorescence signal during the real-time PCR test in FAM channel. The inhibition internal control amplification was indicated in VIC channel (Espy et al. 2006; Volokhov et al. 2011 ).
Statistical evaluation
The data analysis was done using IBM SPSS statistical software version 22. P values less than 0.05 (P value \0.05) were considered statistically significant. Descriptive statistics (i.e. mean, standard deviation, SD of the mean, confidence interval 95 %, frequencies and percentages) was used to summarize the quantitative variables. Data were analyzed by t test for comparing two tests and Friedman Test for comparing five tests. Sensitivity, specificity, accuracy and predictive value of positive and negative results were calculated using microbial culture as the gold standard (Galen and Gambino 1975; Hopert et al. 1993; Mariotti et al. 2008) . Sensitivity: true positives/(true positives ? false negatives); Specificity: true negatives/(true negatives ? false positives); Predictive value of a positive result and of a negative result: true positives/(true positives ? false positives) and true negatives/(true negatives ? false negatives), respectively; Accuracy: (true positives ? true negatives)/total number of cases.
Results
In this study, 30 different human and animal cell lines were randomly selected and assessed for mycoplasma contamination using microbial culture as a reference standard, indirect DNA DAPI staining, enzymatic mycoalert Ò , PCR and real-time PCR methods. Meanwhile, five cell lines were considered and confirmed as a positive control and five cell lines as a negative control (Table 1) . Furthermore, Vero cell line infected with mycoplasma and Vero cell line free of mycoplasma infection (NCBI C101) were evaluated by these methods and considered as positive and negative controls, respectively (Fig. 1a-d) . Three different strains including M. hyorhinis, M. arginini and M. fermentans were detected in the positive control (Vero cell line infected with mycoplasma) by species-specific PCR primers (Fig. 2) , PCR and real-time PCR tests indicated the number of false negative 8, 7, 2, 1 and 0, respectively. There were no false positive cases observed except in the indirect DNA DAPI staining with three cases (Table 3) . Comparison of cell lines with enzymatic mycoalert Ò and microbial culture methods showed that 22 cell culture samples (13 negative cases and 9 positive cases) perfectly match together (concordance) and 8 cell cultures (8 false negative cases) were non-compliant (discordance). By contrast, indirect DNA DAPI staining with microbial Target Probe and VIC Internal Control) and Quencher (none). 1-negative control (DNA-free water), 2-NSO (negative control), 3-B95.8 (negative control), 4-A549 (negative control), 5-CHO (negative control), 6-Nalm6 (negative control), 7-MG63 (positive control), 8-COS7 (positive control), 9-NB4 (positive control), 10-EL4 (positive control), 11-Saos2 (positive control), 12-Positive control kit culture revealed the concordance in 22 cell cultures (14 negative cases and 8 positive cases) and discordance in 8 cell cultures (5 false negative cases and 3 false positive cases). Conversely, PCR results and standard microbial culture exhibited concordance in 23 cell culture samples (13 negative cases and 10 positive cases) and discordance in 7 cell lines (7 false negative cases).
Moreover, real-time PCR results were compared to the reference microbial culture method and demonstrated concordance in 22 cell culture samples (12 negative cases and 10 positive cases) and discordance in 8 cell cultures (8 false negative cases).
Limit of detection (LOD) of mycoalert Ò test has been indicated to be 50 cfu/ml for A. laidlawii, mycoplasma hyorhinis and mycoplasma orale. In this study, serial dilutions (1/2-1/4096) were prepared from Vero cell line (NCBI C101) infected with mycoplasma, the kit positive control and also mycoplasma hyorhinis strain. LOD of 1/256 dilution was observed for the three samples (Table 4) . To ensure that the cell lines were not contaminated by other positive and negative gram bacteria samples taken from the cell line cultures were transferred to various microbial culture media. No bacterial growth was detected for these cultures (data not shown), which confirmed the specificity of mycoalert Ò results. In the PCR experiments, the universal pair primers could amplify a 425 bp product from the DNA of all mollicutes strains. This was confirmed by the sequencing of randomly selected PCR products obtained from different amplification experiments. The results of the sequencing showed the consistency of the PCR product sequence to the reference mollicutes 16S rRNA conserved sequence at Gene Bank data base (Fig. 3b) . Furthermore, there was no crossreaction with rat DNA, human DNA, mouse DNA as well as prokaryotes and bacteria DNA such as Staphylococcus saprophyticus, Proteus vulgaris, Bacillus cereus and Klebsiella oxytoca (data not shown). In order to examine the sensitivity of the universal primers, different serial dilutions of the DNA extracted from Mycoplasma hyorhinis (30 ng) were prepared. The LOD of the amplified product showed the dilution of 10 -3 (30 pg of DNA) (Fig. 3a) . Whereas, the sensitivity (LOD) of PromoKine's PCR Mycoplasma Test Kit I/RT assay with specific primers and probes (Promokine diagnostic kits) was up to 10 -4 (3 pg) by using serial dilutions of template DNA from M. hyorhinis culture. These results showed the high sensitivity, specificity and accuracy of the real-time PCR method in comparison with conventional PCR and the other direct and indirect mycoplasma detection methods (Fig. 4a, b) .
Statistical results
The specificity of all the methods was 100 % with the exception of the indirect DNA DAPI staining (84.21 %). The sensitivity of real-time PCR, PCR, (Fig. 5) . Table 5 shows the performance of the methods by comparing their statistical data using standard t test analysis. The differences between DAPI staining and microbial culture methods, PCR and enzymatic mycoalert Ò , real-time PCR and mycoalert Ò and also real-time PCR and PCR methods were not statistically significant (P value[0.05) . On the other hand, the comparison of enzymatic mycoalert Ò and microbial culture methods, PCR and microbial culture, real-time PCR and microbial culture, mycoalert Ò and DAPI staining, PCR and DAPI staining and also real-time PCR and DAPI staining methods showed statistically significant differences with P values \0.05. According to the ranking method using Friedman test, the importance of the variable is the highest at the lowest average ranking. The average ranking for real-time PCR, PCR, enzymatic mycoalert Ò , microbial culture and DAPI staining was calculated as 2.63, 2.72, 2.80, 3.30 and 3.55, respectively. Moreover, the P value in Friedman test was also significant (P value 0.000). Therefore, the similarities in the ranking of these five methods were discarded. These five methods were ranked as real-time PCR, PCR, enzymatic mycoalert Ò , microbial culture and DAPI staining, respectively.
Discussion
Mycoplasmas are common and inevitable causes of cell cultures contamination, which is considered as a major problem in biological studies and pharmaceutical processes. Mycoplasma can affect several parameters in cell cultures including biochemical, genetic and immunological changes. Therefore, screening for mycoplasma infection of cell cultures must be performed before their use for research and pharmaceutical purposes. An ideal method for mycoplasma detection should be highly sensitive, specific, rapid, easily interpretable, and cost-effective (Dallo and Baseman 2000; Drexler et al. 2002; Young et al. 2010; Uphoff and Drexler 2013) . Direct microbial culture, as the standard reference technique, is frequently applied as a sensitive and reliable method for the detection of mycoplasma in cell cultures. Slow rate of mycoplasma growth and difficulties in the interpretation of the results are considered as the disadvantages of microbial cultivation (Volokhov et al. 2011 ). In our study, there were false negative results for 8 cases (26.66 %) using this method. However, for more accurate quality control, the results of microbial cultures must be confirmed by an alternative method such as DAPI fluorochrome or Hoechst 33258 staining. Although, the staining procedure is relatively quick and easy to perform, it is sometimes difficult to interpret the results. This difficulty arises from the presence of contaminating bacteria or nucleic acid decomposition. In our study, 7 false negative cases (23.33 %) and 3 false positive cases (10 %) were observed (Jung et al. 2003; Uphoff and Drexler 2013) . In contrast, the sensitivity, accuracy, specificity and rapidity (\20 min) are the main advantages of enzymatic test (mycoalert Ò kit). In comparison with molecular methods, detection of enzymatically-active viable mycoplasma germs is a highly remarkable feature of the enzymatic test, particularly for antibiotic treatment purposes. The main disadvantage of this method is false negative results due to the impaired function of the enzymes. The quality, quantity and stability of acetate kinases and carbamate kinases must be at appropriate level for the detection by a luminometer. In addition, this method is unable to discriminate different genus and species of ureaplasmas such as Ureaplasma urealyticum, Ureaplasma parvum as well as specific mycoplasma species. In this study, the false negative results for enzymatic method were observed in only two cell lines i.e., PEER (NCBI C511) and SH-SY5Y (NCBI C611). In the other 28 cases, the mycoalert Ò results were concordant with the real-time PCR results (Mariotti et al. 2008; Markoullis et al. 2009; Volokhov et al. 2011; Molla Kazemiha et al. 2014) .
PCR-based technique has been widely used for the detection of mycoplasma infections in cell cultures. The methods which are based on nucleic acids detection are rapid, reliable, cost-effective, sequence-specific and highly sensitive for the detection of DNA and RNA in complex biological samples. However, PCR techniques which are based on the amplification of target DNA sequences are incapable to distinguish between viable and non-viable mycoplasma cells. Moreover, under special circumstances such as antibiotic treatment procedures and contamination of cell culture medium components NBS, Trypsin, PBS, etc.), the Nested PCR method is more sensitive than direct PCR while more likely to give false positive results (Sung et al. 2006; Lawrence et al. 2010; Dabrazhynetskaya et al. 2014 ). We developed a single-step PCR technique which was able to identify at least 30 pg DNA of M. hyorhinis species and showed no cross-reactivity with genomic DNA of other organisms including human, mouse, Saccharomyces cerevisiae, gram-positive and gramnegative bacteria (data not shown). The ability to monitor the amplification reaction and allowing quick analysis of multiple genomic targets simultaneously with high throughput capability are the advantages of the real-time PCR method. In our study, the LOD of the real-time PCR assay was the serial dilution of 10 -4
(equivalent to 3 pg of M. hyorhinis DNA). This indicates the higher sensitivity of the real-time PCR technique in comparison with the other direct and indirect methods for mycoplasma detection in cell cultures. Detection of mycoplasma contamination by specific PCR of 16S ribosomal RNA genomic region in cell cultures was compared to microbial culture, DNA fluorochrome staining and DNA-RNA Hybridization by Van Kuppeveld et al. (1994) . Overall, the sensitivity, specificity and accuracy of the PCR method was superior to the other assays (Van Kuppeveld et al. 1994) . In another study by Tang et al. (2000) , a Nested PCR assay with combination of specific primers for conserved regions of 16S and 23S ribosomal RNA genes were designed. The sensitivity of the assay was in the range of 20-180 cfu/ml. No cross-reactivity with rats DNA, humans DNA and other bacteria DNA was observed. Ishikawa et al. (2006) used three pairs of primers based on the genomic region of 23S ribosomal RNA to develop a real-time PCR assay with LOD of 100 fg genomic DNA. They confirmed the higher accuracy of the realtime PCR method for the detection of eight major species infecting cell cultures in comparison with fluorochrome DAPI staining method. In contrast, Kumar et al. (2008) concluded that simultaneous use of two cytological staining techniques (i.e., Direct Hoechst staining and Immuno Fluorescence-Antibody or IFA) can be correctly interpreted. In addition, they also showed that optimal results of Nested PCR techniques (because of frequent false positive cases) are particularly useful in screening of cell cultures. In another study by Lawrence et al. (2010) PCR and quantitative real-time PCR. There was no growth in microbial culture method, whereas, both molecular tests were positive up to the 10 -7 dilution. Besides, the sensitivity of molecular techniques (NAT tests) for the detection of mycoplasma contamination was quite similar. In SYBR green real-time PCR method there were no false positives (no crossreactivity) detected for the bacteria that are phylogenetically and evolutionary associated with mycoplasma such as Clostridium sporogenes, Lactobacillus acidophilus and Streptococcus bovis.
Mycoplasmal agents were also identified (Kong et al. 2007 ) by using a modified PCR/microarray assay based on genetic differences between mollicutes at the 16S-23S rRNA intergenic transcribed spacer (ITS). The application of nano-gold/silver enhancement technology instead of previously used fluorescent dyes significantly simplified the readout of microarray results and allowed them to avoid using expensive scanning equipment. This modification was able to expand the implementation of microarray techniques into laboratories involved in diagnostic testing of mycoplasma contamination in cell substrates and potentially in other biological and pharmaceutical products. In another study by Störmer et al. (2009) , a multiplex real-time PCR was developed using LNA technology based on conserved regions of mycoplasma TUF gene (which encodes peptide chain elongation factor Tu) for the detection of mycoplasma contamination in cell culture supernatants, clinical specimens and blood products. This method showed high specificity, sensitivity of 1 copy/ll of sample and 95 % detection limit was calculated to 10 copies/ll of M. pneumonia and M. orale samples. Moreover, no false positive results due to cross-reaction with other bacterial-DNA, fungi and human DNA were observed. Recently, a novel rapid method for the detection of mycoplasma genomic DNA by using gated materials was examined (Climent et al. 2013) . In this assay the DNA-capped mesoporous silica nanoparticles loaded with a dye were used to detect the common mycoplasma contaminant in contaminated cell-culture media without needing Polymerase Chain Reaction (PCR) techniques (with a detection limit of 70 copies/ll of genomic DNA). In another study by Degeling et al. (2014) a simple and sensitive assay to monitor mycoplasma contamination (mycosensor) were introduced based on degradation of the Gaussia luciferase reporter in the conditioned medium of cells. This assay proved to be more sensitive as compared to a commercially available bioluminescent assay (enzymatic mycoalert Ò ) in detecting mycoplasma contamination in seven different cell lines. Schnee et al. (2012) have designed a DNA microarray carrying 70 oligonucleotide probes derived from the 23S rRNA gene and 86 probes from the tuf gene target regions. Following a PCR amplification and biotinylation step, hybridization on the array was shown to specifically 
Conclusion
In this study, five different methods for mycoplasma detection in cell cultures including microbial culture as a gold standard method, indirect DNA DAPI staining, mycoalert Ò detection kit, conventional PCR and, real-time PCR were compared. In terms of sensitivity, specificity, accuracy, and predictive value of positive and negative results the real-time PCR assay was superior to the other methods with respect to (Fig. 5) . The enzymatic mycoalert Ò method was the third best assay compared to the real-time PCR and PCR assay and can be used as an alternative method to conventional microbial culture and DNA fluorochrome staining methods. Therefore, real-time PCR (PCR Mycoplasma Test Kit I/RT) and conventional PCR assays based on conserved sequences in 16S ribosomal RNA were confirmed to be a reliable, highly sensitive, highly specific and accurate methods for mycoplasma detection in cell cultures and biological products. The PCR Mycoplasma Test Kit I/RT may be able to detect a range of 1 9 10 6 -1 9 10 8 organisms in cell culture supernatants which guarantees a sensitive real-time PCR assay. The test responded specific to a broad range of mycoplasma species and exhibited no cross-reactivity to phylogenetically related bacteria (for example: Clostridium acetobutylicum, Lactobacillus acidophilus and Streptococcus pneumoniae) or other bacterial DNA and eukaryotic DNA. Due to limitations in terms of sensitivity, specificity and accuracy in the various diagnostic tests of mycoplasma detection (given the advantages and disadvantages of direct and indirect methods), mycoplasmologists suggest using at least 2-3 methods in parallel for the detection of mycoplasma contamination in cell cultures. In accordance with the US, EP and JP Pharmacopoeia and FDA, these tests should be performed independently and simultaneously to assess, identify and complete screening of cell cultures contamination (Volokhov et al. 2011; Nikfarjam and Farzaneh 2012; Uphoff and Drexler 2014) . Thus, we recommend the combination of the real-time PCR assay with mycoalert assay and microbial culture to confirm active mycoplasma contamination.
